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ABSTRACT 
Introduction: Spatial judgment is impaired in Parkinson’s disease (PD), with previous research 
suggesting that disruptions in attention and executive function are likely contributors. If judgment of 
center places demands on frontal systems, performance on tests of attention/executive function may 
correlate with extent of bias in PD, and attentional disturbance may predict inconsistency in spatial 
judgment. The relation of spatial judgment to attention/executive function may differ for those with left-
side vs. right-side motor onset (LPD, RPD), reflecting effects of attentional lateralization. Methods: We 
assessed 42 RPD, 37 LPD, and 67 healthy control participants with a Landmark task (LM) in which a 
cursor moved horizontally from the right (right-LM) or left (left-LM). The task was to judge the center of 
the line. Participants also performed neuropsychological tests of attention and executive function. 
Results: Landmark group differences were found on left-LM only, with both PD subgroups biased 
leftward of the control group (RPD p<.05; LPD p<.01; no RPD-LPD difference). For left-LM trials, 
extent of bias significantly correlated with performance on the cognitive tasks for PD but not for the 
control group. PD showed greater variability in perceived center than the control group; this variability 
correlated with performance on the cognitive tasks. Discussion: The correlations between performance on 
the test of spatial judgment and the tests of attention/executive function suggest that frontal-based 
attentional dysfunction affects dynamic spatial judgment, both in extent of spatial bias and in consistency 
of response as indexed by inter-trial variability. 	
	
 
Key Words: Parkinson’s disease, spatial bias, attention, executive function 
Word count text: 4044 	
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Introduction 
Parkinson’s disease is characterized by dopaminergic deficits in the substantia nigra that result in 
disruptions to cortical-striatal circuitry. Hallmark motor symptoms of PD include tremor, rigidity, 
bradykinesia, and disturbances of gait, balance, and posture, accompanied by a host of non-motor 
symptoms that have a significant impact on quality of life. Among the common non-motor symptoms 
experienced by individuals with PD are changes in vision and visual perception (Amick, Cronin-Golomb, 
& Gilmore, 2003; Archibald, Clarke, Mosimann, & Burn, 2011; Bodis-Wollner, Glazman, & Yerram, 
2013; Bodis-Wollner et al., 1987; Castelo-Branco et al., 2009; Diederich, Fénelon, Stebbins, & Goetz, 
2009; Matsui et al., 2006; Pieri, Diederich, Raman, & Goetz, 2000; Seichepine et al., 2011; Uc et al., 
2005; Urwyler et al., 2014; Weil et al., 2016; Weil et al., 2018) and visuospatial function (Davidsdottir, 
Cronin-Golomb, & Lee, 2005; Kemps, Szmalec, Vandierendonck, & Crevits, 2005; Possin, Filoteo, Song, 
& Salmon, 2008; Seichepine, Neargarder, Davidsdottir, Reynolds, & Cronin-Golomb, 2015), including 
spatial bias in perception and navigation (Davidsdottir, Wagenaar, Young, & Cronin-Golomb, 2008; Lin 
et al., 2014; Ren et al., 2015; Young et al., 2010). In neurological populations such as stroke, spatial bias 
including left-side hemineglect may follow from lesions of the right cerebral hemisphere. Line bisection 
studies in PD have documented an asymmetric spatial bias that is similar in kind; individuals with motor-
symptom onset on the left side of the body (LPD; predominant damage to right basal ganglia) have been 
reported to bisect more to the right than those with right-side motor-symptom onset PD (RPD; 
predominant left hemisphere damage) and healthy adults (Lee, Harris, Atkinson, & Fowler, 2001). 
Relative to stroke, in PD the extent of bias is milder. Spatial bias in PD does not appear to be accounted 
for by hemifield deficits in basic vision or perception, such as spatial compression, reduced salience, or 
retinal structure (Laudate, Neargarder, & Cronin-Golomb, 2013; Norton, Jaywant, Gallart-Palau, & 
Cronin-Golomb, 2015). By contrast, eye movement patterns during line bisection suggest that attentional 
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effects may contribute to spatial bias (Laudate et al., 2013). There has been little further examination of 
this possibility. 
Disruptions of attention and executive function occur commonly in PD, even early in the disease 
course (Miller, Neargarder, Risi, & Cronin-Golomb, 2013), reflecting compromise of fronto-parietal 
systems (Amick, Schendan, Ganis, & Cronin-Golomb, 2006; Baggio et al., 2015; Madhyastha et al., 
2015; Schendan, Amick, & Cronin-Golomb, 2009; Tinaz, Schendan, & Stern, 2008). Asymmetries of 
visual attention and processing have been documented, with LPD requiring more search time for objects 
in the left visual hemifield and RPD requiring more search time in the right hemifield (DeGutis et al., 
2016). This directional asymmetry does not occur in all individuals with the disorder, however 
(Davidsdottir et al., 2008; Nys, Santens, & Vingerhoets, 2010; Ren et al., 2015). As attention and 
executive function are often affected in PD, it is conceivable that changes in these processes may underlie 
the development of spatial bias. 
In order to address this possibility, we made use of a line-bisection paradigm using directional 
cuing to engage attention in the right vs. left sides of visual space. To date, most research on spatial bias 
in PD has used static stimuli, though spatial judgments are rarely made in static space and are dependent 
upon constant monitoring and updating of spatial information. Here we varied the visual field in which 
spatial judgments were made in order to assess whether directing attention to the left or right would affect 
spatial judgment.  
Comparisons were made between individuals with PD and a normal healthy control group to 
assess for the impact of PD on spatial judgment. For the mean performance across trials, we expected that 
spatial judgment in PD would be characterized by greater deviance from center (more bias), relative to the 
control group. Although line-bisection studies often assess the mean of multiple trials, assessing the 
consistency of responses across trials is uncommon. Because intra-individual variability offers an index 
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of cognitive dysfunction (Kälin et al., 2014; MacDonald, Li, & Bäckman, 2009; Sliwinski & Buschke, 
2004), the variability across trials was assessed. We expected individuals with PD to show greater 
variability across trials, reflecting greater difficulty managing the dynamic visuomotor and attentional 
demands of the line-bisection task. Further comparisons were made between LPD and RPD to assess for 
the impact of predominantly lateralized neuropathology on spatial judgment. Since the dominant 
hemispheric pathology of LPD and RPD is by definition different, an LPD-RPD difference would provide 
insight into the brain structures affecting spatial bias in PD. In brief, regardless of the individual’s current 
bilateral motor symptom presentation, in LPD there is still more pathology in the right hemisphere, and in 
RPD there is more pathology in the left hemisphere, as documented in imaging studies (e.g., Antonini et 
al. 1995; Booij et al. 1997; Innis et al. 1993; Kim et al. 1999; Laulumaa et al. 1993; Leenders et al. 1990; 
Marek et al. 1996) and at autopsy (Kempster et al. 1989). 
Finally, a series of cognitive tests was administered in order to assess the relation between spatial 
judgment and attention/executive function. We expected that the relation between spatial bias and 
attention/executive function would be stronger for PD than for the control group, suggesting that frontal-
executive systems have a critical role in spatial judgment in PD.  
 
Methods 
Participants 
Participants included 79 individuals with idiopathic PD (35 women, 44 men) and 67 age- and 
education- matched normal control adults (NC) (47 women, 20 men) (Table 1). All procedures were 
approved by the Boston University Charles River Campus Institutional Review Board, and consent was 
obtained according to the Declaration of Helsinki.  
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Individuals with PD were recruited through the Parkinson’s Disease Clinic at Boston Medical 
Center and other community resources including Fox Trial Finder and PD support groups. Participants in 
the control group were recruited from the general community. Exclusion criteria for both groups included 
reported coexisting serious chronic illness (including psychiatric or neurological); history of intracranial 
surgery, traumatic brain injury, alcoholism or other drug abuse; visual acuity poorer than 20/40 binocular 
(Snellen eye chart; administered in the lab); use of psychoactive medications besides antidepressants and 
anxiolytics in the PD group, which are commonly prescribed; use of any psychoactive medication in the 
control group.  No participants in either the PD or the control group were demented as indicated by scores 
on the modified form of the Mini-Mental State Examination (Stern, Sano, Paulson, & Mayeux, 1987), 
each obtaining 26.25 or better on conversion to standard MMSE scoring.  
Diagnosis of idiopathic PD was made by the participants’ neurologists, using United Kingdom 
Parkinson’s Disease Society Brain Bank clinical diagnostic criteria (Hughes, Daniel, Kilford, & Lees, 
1992). Participants met clinical criteria for mild to moderate disease, with a modified Hoehn and Yahr 
stage range of 1-3 (Goetz et al., 2004). The PD sample included 10 in stage 1, 16 in stage 1.5, 28 in stage 
2, 14 in stage 2.5, and 11 in stage 3. Disease severity was assessed with the Unified Parkinson’s Disease 
Rating Scale (Fahn & Elton, 1987; Levy et al., 2005). The mean UPDRS total score was 36.6 (SD = 
14.9), with a mean motor score of 21.0 (SD = 9.8). Average disease duration was 6.4 years (SD = 4.4). 
Levodopa equivalent dosages (LED), available for all participants with PD, were calculated according to 
Tomlinson and colleagues’ conversion formulae (Tomlinson et al., 2010). All participants were tested in 
the “on” medication state.  
In both groups, psychomotor speed was assessed with the Purdue Pegboard (Tiffin, 1948), using 
the average number of pegs placed with the left and right hands. To assess mood, we used the Beck 
Anxiety Inventory (Beck & Steer, 1990), Beck Depression Inventory-II (Beck, Steer, & Brown, 1996), 
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and the Geriatric Depression Scale (Yesavage et al., 1982). In the PD group only, subjective quality of 
life was measured with the 39-item Parkinson’s Disease Questionnaire (Peto, Jenkinson, Fitzpatrick, & 
Greenhall, 1995). 
We compared the PD and control groups on characteristics that may have affected performance in 
this study (Table 1). There were no significant differences in age, education, or ratio of men to women. 
The PD group was slower than the control group on the Purdue Pegboard Test and endorsed more anxiety 
and depression, which are expected consequences of PD. Anxiety and depression did not correlate with 
the main variables, and were not considered further in the analysis. The LPD and RPD subgroups were 
matched on all variables except Purdue Pegboard, for which those with RPD performed more poorly than 
LPD with the left hand (p<.04).  
[TABLE 1 ABOUT HERE] 
Procedures 
Line bisection. A dynamic Landmark-like test was administered, using the method of 
adjustment. The stimulus was presented binocularly to participants on an LCD computer screen 
approximately 19.75 in. diagonal, 10.75 in. vertical, and 17 in. horizontal. The stimulus was a black 
horizontal line approximately 13.25 in. in length, crossed by a black vertical cursor approximately 2 in. in 
height, presented in the center of the screen on a white background (Figure 1). The vertical cursor was 
initially presented as offset from the center of the horizontal line by 10% of the total length of the 
horizontal line and moved toward the center of the horizontal line. Ten trials were administered and were 
evenly counterbalanced for the side of the line (hemifield) in which the vertical cursor was initially 
displayed. The first trial began with the vertical cursor on the right. The vertical cursor began on the left 
for the next trial and continued to alternate on successive trials for a total of ten trials. Across the ten 
trials, trials that began with the cursor on the left are referred to as Landmark (LM)-left and those with the 
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cursor beginning on the right as LM-right. To eliminate motor demands on the participant, the 
experimenter moved the cursor across the horizontal line at .5% the total length of the horizontal line per 
second, and the participant indicated when the perceived center had been reached. The trials were 
untimed and participants could request that the position of the vertical cursor be adjusted in either 
direction until they were satisfied with the position (i.e., method of adjustment).  
For analysis, the horizontal line was conceptualized as a number line. The true center was 
represented by zero, and increasingly greater distances from center were represented by more positive 
numbers for rightward deviations and more negative numbers for leftward deviations. The score for each 
trial was mean percent bias from the true midline (range: -10 to 10). The values of all responses were 
averaged for the five LM-left trials and the five-LM right trials to produce the LM-total score. In addition 
to assessing the mean of the LM-left and LM-right trials, inter-trial variability was considered with the 
standard deviation of the five LM-left and five LM-right trials. 
[FIGURE 1 ABOUT HERE] 
 
Cognitive assessment. The following neuropsychological tests were used to assess the relation 
between spatial bias and attention/executive function. 
Stroop Color-Word task (Stroop, 1935): Participants named the color of ink in which incongruent 
ink/color words were written (Stroop Color-Word), each as quickly as possible. The score was the 
number of correct responses within 45 seconds.  
Trail Making Test (Tombaugh, 2004): Participants quickly drew lines connecting numbers in order for 
Condition A. For Condition B, participants quickly drew lines alternating between numbers and letters in 
order. The score was the number of seconds to complete each condition. 
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Delis-Kaplan Executive Functioning System (Delis, Kaplan, & Kramer, 2001; Delis, Kramer, Kaplan, & 
Holdnack, 2004) (DKEFS) Verbal (Phonemic) Fluency: Participants verbally generated words within 
phonemic categories (F, A, S). The score was the total number of correct words produced across the three 
60-second trials, excluding repeated words and set-loss errors.  
Digit Span, Wechsler Memory Scale III (Wechsler, 1997): Participants first repeated digit sequences in 
the original order (Forward), and then repeated digit sequences in reverse order (Backward). For each 
task, the score was the number of correct trials. 
Spatial Span, Wechsler Memory Scale III (Wechsler, 1997): Participants first repeated block sequences by 
touching the blocks in the same order in which the examiner had done so (Forward), and then touched the 
blocks in reverse order (Backward). For each task, the score was the number of correct trials. 
Statistical analysis  
 Analyses were performed with SPSS 20.0 (SPSS, Inc., Chicago, IL). Analyses of variance 
(ANOVAs) were used to examine the effect of group (PD-control), effect of initial side of cursor 
presentation (hemifield) (LM-left, LM-right), and the interaction of group by hemifield. A separate set of 
ANOVAs assessed the effect of side of onset (LPD, RPD), effect of hemifield, and the interaction of side 
of onset (LPD, RPD) by hemifield. Significant interaction effects were followed by independent samples 
t-tests and paired samples t-tests. Pearson correlations were conducted between LM performance and 
scores on cognitive tests. To assess whether the strength of the correlation between LM performance and 
performance on each of the cognitive tests was different for the PD and control groups, Fisher’s r-to-z 
transformations were conducted; significant results indicate that the correlation between LM and 
cognition was stronger for PD than for the control group. For all correlations, an alpha of .01 was used to 
correct for multiple correlations.  
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Results 
Results for the Landmark task are displayed in Table 2 and Figure 2 (mean percent bias), and Table 3 and 
Figure 3 (standard deviation). Standard deviation was used as a measure of inter-trial variability. 
 
[TABLE 2 & FIGURE 2 ABOUT HERE] 
 
[TABLE 3 & FIGURE 3 ABOUT HERE] 
 
 
Main Effect of Group 
Mean percent bias. The main effect of group was significant for LM-total and LM-left, with PD 
bisecting farther left than the control group. The main effect of group for LM-right was not significant. 
Standard Deviation. The main effect of group was significant for LM-total, LM-left, and LM-
right. For all, the PD standard deviation was greater than that of the control group.  
Main Effect of Hemifield 
Mean percent bias. The main effect of hemifield was significant. LM-left trials were bisected 
leftward of right trials.  
Standard Deviation. The main effect of hemifield was not significant. 
Interaction Effect: Group-by-Hemifield 
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Mean percent bias. The group-by-hemifield interaction effect was significant. Independent 
samples t-tests showed a significant group difference on LM-left trials, with PD bisecting farther left than 
the control group [t(144) = -3.40, p < .001]. For LM-right trials, PD and control did not differ [t(144) = -
.41, p < .68]. Paired samples t-tests showed a significant difference between extent of bias on LM-left and 
LM-right trials for PD and for the control group [PD: t(78) = 13.6, p < .001; control: t(68) = 11.2, p < 
.001]; that is, the extent of bias to the left on LM-left trials was greater than the extent of bias to the right 
on LM-right trials. 
Standard Deviation. The group-by-hemifield interaction effect was not significant. Independent 
samples t-tests showed a significant group difference on LM-left and LM-right trials, with PD showing a 
larger standard deviation than the control group [LM-left trials: t(144) = 3.7, p < .001; LM-right trials: 
t(141.07) = 4.4, p < .001]. Paired samples t-tests indicated no significant difference in standard deviation 
between LM-left and LM-right trials for either PD [t(78) = -.61, p > .54] or control [t(66) = .09, p > .93]. 
That is, the PD group showed more variability in performance than the control group, regardless of 
whether a trial began on the right or left of center. 
Side of Onset: LPD, RPD, Control Group 
Side of motor symptom onset did not have an effect on spatial judgment, with the exception of standard 
deviation for LM-right, with LPD showing a larger standard deviation than RPD (t(77) = -2.01, p < .048). 
The main effects and interaction effects replicated the PD-control group results, and will not be described 
further (see Tables 2 & 3).  
The results of cognitive testing are presented in Table 4. 
[TABLE 4 ABOUT HERE] 
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Correlations 
Correlations between LM performance and performance on the cognitive tests are displayed in 
Table 5. Since our primary interest was in the strength of the correlation between LM performance and 
cognition, only Fisher’s r-to-z transformations are provided below.  
[TABLE 5 ABOUT HERE] 
 
Fisher’s r-to-z Transformations 
Fisher’s r-to-z transformations compared PD and the control group for the strength of correlations 
between LM bias and performance on cognitive tests. 
Mean Percent Bias. For LM-left, the correlation between cognition and extent of spatial bias was 
stronger for PD than for the control group for Spatial Span Forward, Spatial Span Backward, Trail 
Making Test-B, and Phonemic Fluency. For LM-right, there was no significant PD-control difference in 
the strength of the correlation with any cognitive variable.  
Standard Deviation. Because there was no effect of hemifield (that is, side that the trial was 
initiated from) on standard deviation for PD or the control group, we used the average standard deviation 
of all 10 LM trials. The correlation between cognition and LM–total standard deviation was greater for 
PD than for the control group for the following measures: Spatial Span Forward, Spatial Span Backward, 
Trail Making Test A, Trail Making Test B, Stroop Color-Word, and Phonemic Fluency. 
Discussion 
We examined performance on a Landmark line bisection task that directed attention to one or 
other side of space, with the goal of assessing the relation of attention/executive function to spatial 
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judgment in PD. To do so, we compared the performance between PD and a healthy matched control 
group, as well as PD subgroups (LPD, RPD). In addition to the mean performance across all trials, we 
considered the mean performance for trials initially presented in the right and left hemifield. Further, we 
considered inter-trial variability as an index of attentional dysfunction.  
The pattern of results suggested that frontal-executive systems are associated with spatial 
judgment in PD. Relative to the control group, those with PD had significantly greater variability in 
performance (larger standard deviation), meaning that for PD, their perceived “center” shifted across 
trials. Inconsistency in behavioral responses (i.e., intra-individual variability) has received growing 
attention as an important marker of cognitive dysfunction, having been associated with poorer executive 
function in adults aged 64-92 (Yao, Stawski, Hultsch, & MacDonald, 2016) as well as in individuals with 
PD (de Frias, Dixon, Fisher, & Camicioli, 2007). Accordingly, unstable spatial judgments may be an 
index of attentional-executive dysfunction, a possibility that was corroborated in our study by the Fisher’s 
r-to-z correlations that indicated a PD-specific association between the size of the standard deviation on 
the Landmark test (that is, extent of performance variability) and performance on tests of frontal-
executive function: Spatial Span Forward and Backward, Trail Making Test A and B, Stroop Color-Word, 
and Phonemic Fluency. Further, PD-specific correlations were found between mean percent bias and 
performance on several measures of attention and executive function: Spatial Span Forward and 
Backward, Trail Making Test B, and Phonemic Fluency. Together, the pattern of behavior observed in 
PD, characterized by unstable perceived center of space and by the correlation of the extent of spatial bias 
with attentional-executive function, provides support for the hypothesis that dynamic spatial judgment 
requires the integrity of frontal-executive cortical networks.  
To our knowledge, this study is the first to consider the consistency of perceived center in PD. PD 
spatial judgment was marked by an unstable perceived center relative to the control group, and this 
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occurred regardless of hemifield of initial stimulus presentation, although the average performance on 
right-side trials was more accurate (less biased) than for the left-side trials. The only LPD-RPD difference 
occurred for standard deviation on right-side trials: perceived center for LPD was less stable (larger 
standard deviation) than for RPD, though we did not observe an LPD hemineglect (as in overall rightward 
spatial bias).  
The relation between a larger standard deviation of bias and attention/executive function has 
implications for mechanisms of spatial dysfunction in PD. For example, the orientation/estimation 
hypothesis suggests that perceived center is dependent upon the interaction of attention and line 
estimation. Orienting attention to one end of a line promotes an inaccurate estimation of line length, 
whereby underestimations result in undershooting center (bias toward left of center) and overestimations 
result in overshooting center (bias toward right of center) (Mennemeier et al., 2005). Though deficiencies 
in orienting attention and estimating line length may be characteristic of unilateral spatial neglect, such 
effects are not exclusive to hemineglect (Mennemeier, Vezey, Chatterjee, Rapcsak, & Heilman, 1997; 
Mennemeier, Vezey, Lamar, & Jewell, 2002). The pathology of PD may impact the ability to effectively 
coordinate attention and line estimation. In the current experimental paradigm, directing attention to the 
left or right had a substantial effect on perceived center, suggesting that the experimental stimulus may 
have oriented attention in such a way that promoted an inaccurate estimation of the length and hence the 
center of the line.  
These results together offer insight into how attentional and executive dysfunction in PD may 
interfere with the capacity for accurate spatial judgments. PD is marked by striatal dysfunction that 
disturbs cortical-subcortical circuitry (Putcha, Ross, Cronin-Golomb, Janes, & Stern, 2015; Putcha, Ross, 
Cronin-Golomb, Janes, & Stern, 2016), and these functional disconnections have cognitive, motor, 
emotional, and behavioral consequences, including for spatial processing (Cronin-Golomb, 2010). Spatial 
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exploration depends on the integration of visual information from the retina and occipital cortex with 
retinotopically organized maps of visual space in the dorsal parietal and frontal cortices (Macaluso, 2010). 
Further, effective spatial exploration requires scanning and selective processing of task-relevant 
information and the ability to re-orient attention in a constantly changing environment (Cronin-Golomb & 
Amick, 2001). The dorsal fronto-parietal network (dFP; intraparietal sulcus, dorsal premotor cortex) and 
the ventral fronto-parietal network (vFP; inferior frontal gyrus, frontal operculum) are involved in 
attending to relevant information in a goal-directed manner (dFP), and flexibly adjusting to unexpected 
changes in the environment (vFP) (Macaluso, 2010). The Landmark task such as used in the present study 
has been associated with neural activity in the superior and inferior parietal lobes, visual processing areas, 
the cerebellar vermis, left cerebellar hemisphere, anterior cingulate, and the prefrontal cortex (Fink, 
Marshall, Weiss, Toni, & Zilles, 2002), which may be affected in PD (Martinu & Monchi, 2013; Pan, 
Song, & Shang, 2012; Sterling, Lewis, Du, & Huang, 2016). The role of functional connectivity in spatial 
processing is also noteworthy. Because disturbances of functional connectivity are characteristic of PD 
(Luo et al., 2015) and have an impact on cognitive function (Putcha et al., 2015, 2016), there is reason to 
expect that spatial bias may be a product of disrupted functional connectivity. The present study points to 
the contribution of attention/executive dysfunction to lateral bias during dynamic spatial processing in 
PD.  
We provide novel behavioral evidence of spatial dysfunction in PD, with a large sample of non-
demented participants. Examination of a more severe sample would determine if the progression of PD 
promotes even more marked challenges to spatial judgment, including in extent of bias and inconsistency 
of response. Imaging studies of the contribution of frontal-executive networks to dynamic spatial 
judgment would provide valuable corroboratory evidence for breakdowns relevant to PD function. Future 
research can further consider how other cognitive functions contribute to spatial judgment; a limitation of 
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the current study was the unavailability of extensive neuropsychological testing in other domains besides 
attention/executive function. The topic is important because visuospatial dysfunction in PD limits the 
ability to manage basic spatial processes such as depth perception, figure/ground detection, motion 
perception, map reading, and allocentric and egocentric spatial judgments, all of which are critical to 
engaging with the environment (Amick, Miller, Neargarder, & Cronin-Golomb, 2012). Individuals with 
PD often bring these concerns to their physician (Davidsdottir et al., 2005). The combined effect of visual 
symptoms and other PD symptoms may have an important contribution to quality of life. For example, 
gait dysfunction is a major determinant of quality of life and is often considered a core characteristic of 
PD in the motor domain, but it has been shown that visuospatial impairment drives navigational 
difficulties that limit mobility and may have a stronger influence on gait than motor symptoms 
(Davidsdottir et al., 2008; Ren et al., 2015; Young et al., 2010). Deficits in visual attention and 
visuospatial function also predict driving safety in PD (Amick, Grace, & Ott, 2007; Crizzle, Classen, & 
Uc, 2012; Uc, Rizzo, Anderson, & Dawson, 2016; Uc et al., 2009). In all, the impact of visuospatial 
deficits on daily function in PD is debilitating, and further research on its nature and neural underpinnings 
may lead to more effective treatments than are currently available for this common PD symptom.  
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Table 1  
Participant Characteristics 
 
  PD (n=79) LPD (n=42) RPD (n=37) NC (n=67) Significance 
(PD:NC) 
Age (years) 
 
65.0 (6.9) 64.4 (7.6) 65.6 (6.3) 62.9 (8.7) NS 
 
Education (years) 
 
17.4 (2.1) 17.5 (2.2) 17.4 (2.1) 17.1 (2.2) NS 
 
Women: Men 
 
35:44 19:23 16:21 40:27  NS 
 
Purdue Pegboard 
(left hand) 
 
11.2 (2.4) 11.8 (2.5) 10.7 (2.2)  14.7 (1.9) p<.01 
 
 
Purdue Pegboard 
(right hand) 
11.1 (2.4) 11.0 (2.6) 11.1 (2.4)  14.1 (1.8) p<.01 
 
Beck Anxiety 
Inventory 
7.1 (5.1) 7.2 (5.5) 7.0 (4.7)  1.8 (2.7) p<.01 
 
Beck Depression 
Inventory-II 
7.0 (4.7) 6.8 (5.1) 7.2 (4.4)   3.1 (3.5) p<.01 
 
Geriatric 
Depression Scale 
5.6 (3.8) 5.3 (3.5) 5.9 (4.0)  3.2 (3.4) p<.01 
 
UPDRS Total 
 36.6 (14.9) 36.4 (14.7) 36.8 (15.3) - - 
 
UPDRS Motor 
Score 
 
 21.0 (9.8) 20.9 (8.9) 21.1 (10.7) - - 
PD Duration 
(years) 
 
6.3 (4.4)  5.7 (4.5) 6.9 (4.3) - - 
H&Y (median, 
range) 
 2 (1-3) 2 (1-3) 2 (1-3) - - 
 
LED (mg/day) 
 539.4 (335.6) 538.3 (357.5) 540.3 (319.4) - - 
PD = Parkinson's disease; LPD = PD with left-side motor onset; RPD = PD with right-side motor onset; 
NC = normal control participants. UPDRS = Unified Parkinson's Disease Rating Scale; H&Y = Hoehn & 
Yahr stage; LED = Levodopa equivalent dosage. Values presented are means (standard deviations), 
unless otherwise indicated. 
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Table 2  
Mean Percent Bias on Landmark Test (LM), by Group and Hemifield 
 
Main Effect of Group: PD versus NC 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Total* 
PD -.11 (.89) 4.85 
(1, 144) 
.03 .03 
NC .18 (.67) 
LM Left**  
PD -1.06 (1.08) 11.54 
(1, 144) 
.07 .0009 
NC -.51 (.86) 
LM Right 
PD .82 (1.06) 0.17 
(1, 144) 
.001 .68 
NC .88 (.81) 
Main Effect of Hemifield: Left versus Right 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right** 
Left -.81 (1.02) 300.74 
(1, 144) 
.68 .0001 
Right .85 (.95) 
Interaction Effect: Group by Hemifield 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right** 
-- --   6.74 
(1, 144) 
.05 .01 
-- -- 
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Table 2 (continued) 
Main Effect of Group: LPD, RPD, NC 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Total* 
NC .18 (.67) 
3.32 
(2, 143) 
.04 .04 LPD -.24 (.93) 
RPD -.0004 (.85) 
LM Left**  
NC -.51 (.86) 
5.86 
(2, 143) 
.08 .004 LPD -1.12 (1.18) 
RPD -1.01 (.10) 
LM Right 
NC .88 (.81) 
1.24 
(2, 143) 
.02 .294 LPD .64 (.89) 
RPD .97 (1.18) 
Main Effect of Hemifield: Left versus Right 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right** 
Left -.81 (1.02) 310.59 
(1, 143) 
.69 .0001 
Right .85 (.95) 
Interaction Effect: Group by Hemifield 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right* 
-- --   3.72 
(2, 143) 
.05 .03 
-- -- 
PD = Parkinson's disease; NC = normal control participants; LPD = PD with left-side motor onset; RPD = 
PD with right-side motor onset. * p<.05; ** p<.01 
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Table 3 
Intra-Individual Performance Variability (Standard Deviation) on Landmark Test (LM), by Group and 
Hemifield 
 
Main Effect of Group: PD versus NC 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Total** 
PD 1.30 (.60) 11.93 
(1, 144) 
.08 .0007 
NC .97 (.54) 
LM Left**  
PD .75 (.29) 13.95 
(1, 144) 
.09 .0002 
NC .56 (.30) 
LM Right**  
PD .78 (.41) 13.10 
(1, 144) 
.08 .0004 
NC .56 (.29) 
Main Effect of Hemifield: Left versus Right 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right 
Left .66 (.31) .153 
(1, 144) 
.001 .70 
Right .68 (.37) 
Interaction Effect: Group by Hemifield 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right 
-- --   .260 
(1, 144) 
.002 .61 
-- -- 
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Table 3 (continued) 
Main Effect of Group: NC, LPD, RPD 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Total** 
NC .97 (.54) 
5.97 
(2, 143) 
.08 .003 LPD 1.28 (.51) 
RPD 1.32 (.68) 
LM Left**  
NC .56 (.30) 
6.93 
(2, 143) 
.09 .001 LPD .74 (.29) 
RPD .75 (.29) 
LM Right**  
NC .56 (.29) 
9.33 
(2, 143) 
.12 .0002 LPD .87 (.46) 
RPD .69 (.34) 
Main Effect of Hemifield: Left versus Right 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right 
Left .66 (.31) .451 
(1, 143) 
.003 .50 
Right .68 (.37) 
Interaction Effect: Group by Hemifield 
Task Group Mean (SD) 
F-value 
(df) 
eta-squared p-value 
LM Left, LM Right 
-- --   2.44 
(2, 143) 
.033 .09 
-- -- 
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PD = Parkinson's disease; NC = normal control participants; LPD = PD with left-side motor onset; RPD = 
PD with right-side motor onset. ** p<.01  
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Table 4  
Cognitive Test Performance by Group. Mean (SD) 
 
Cognitive Test 
PD  
(n=79) 
LPD 
(n=42) 
RPD 
(n=37) 
NC  
(n=67) 
Significance† 
 
(PD:NC) 
Digit Span Forward 
(# correct) 
 10.6 (2.1) 10.7 (1.7) 10.6 (2.4) 10.9 (2.4)  .003 
Digit Span Backward 
(# correct) 
7.6 (2.4)  7.8 (2.4) 7.5 (2.3)  8.8 (2.4) N/S 
Spatial Span Forward 
(# correct) 
7.8 (1.8)  7.8 (1.9) 7.8 (1.7)  7.7 (1.8) N/S 
Spatial Span Backward 
(# correct) 
7.3 (1.9)  7.2 (1.6) 7.4 (2.2)  7.4 (1.6) N/S 
Trail Making Test A 
(sec) 
32.6 (8.9)  31.3 (9.0) 33.8 (8.8)   26.4 (6.5) <.0001 
Trail Making Test B 
(sec) 
78.2 (34.8)  76.0 (35.1) 80.3 (34.9) 58.1 (20.3) <.0001 
Stroop Color-Word 
(# correct) 
35.2 (1.0) 36.3 (9.5) 34.2 (10.5) 41.7 (8.3) <.0001 
Phonemic Fluency 
(# words) 
42.7 (9.8) 42.0 (1.0) 43.2 (9.7) 51.3 (12.8) <.0001 
PD = Parkinson's disease; LPD = PD with left-side motor onset; RPD = PD with right-side motor onset; 
NC = normal control participants.  †In each case of a significant group difference, NC outperformed PD.	 	
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Table 5 
Correlations between Performance on Landmark (LM; mean percent bias) and Cognitive Tests 
 
Group: PD 
Cognitive Test (N) 
LM LEFT LM RIGHT LM SD 
r-value 
(Fishers r-to-z) 
r-value 
(Fishers r-to-z) 
r-value 
(Fishers r-to-z) 
Digit Span Forward (N=79) 0.08 (0.34) 
-0.13 
(0.10) 
-.23* 
(0.06) 
Digit Span Backward (N=79) -0.05 (0.46) 
-.25* 
(0.09) 
-.24* 
(0.11) 
Spatial Span Forward (N=64) .40
** 
 (0.02)* 
-0.07 
(0.27) 
-.45** 
   (0.00)** 
Spatial Span Backward (N=64) .37
** 
 (0.03)* 
-0.002 
(0.18) 
-.40** 
 (0.05)* 
Trail Making Test A (N=70) -.24
* 
(0.16) 
0.13 
(0.20) 
.40** 
(0.02)* 
Trail Making Test B (N=70) -.29
** 
 (0.01)* 
0.13 
(0.10) 
.46** 
   (0.00)** 
Stroop Color-Word (N=74) 0.18 (0.06) 
-0.18 
(0.36) 
-.35** 
 (0.03)* 
Phonemic Fluency (N=64) .38
** 
   (0.01)** 
-0.01 
(0.39) 
-.40** 
   (0.01)** 
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Table 5 (continued) 
 
PD = Parkinson's disease; NC = normal control participants.  * p<.05; ** p<.01. 
Significant Fisher’s r-to-z transformations indicate stronger correlations between LM and 
cognition for PD than for NC. See Table 4 for units of measure for the cognitive tests. 
 
  
 
Group: NC 
 
Task (N) 
LM LEFT LM RIGHT LM SD 
r-value r-value r-value 
Digit Span Forward (N=67) 0.01 0.09 0.03 
Digit Span Backward (N=67) -0.03 -0.04 -0.04 
Spatial Span Forward (N=54) 0.03 0.04 0.09 
Spatial Span Backward (N=54) 0.04 -0.17 -0.11 
Trail Making Test A (N=62) -0.06 -0.02 0.07 
Trail Making Test B (N=62) 0.12 -0.1 -0.17 
Stroop Color-Word (N=67) -0.08 -0.12 -0.05 
Phonemic Fluency (N=54) -0.06 0.04 0.01 
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Figure 1.  
Landmark Line Bisection Task 
 
The examiner moves the vertical cursor until the participant judges that it is in the center of the horizontal 
line, using method of adjustment. For half the trials, the cursor began on the left of the true center of the 
line and for half it began on the right of true center.  
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Figure 2. 
Mean Percent Bias: LM Left, LM Right 
 
 
** p<.01 
Significant main effect of group for LM left (p=.0009), but not LM right (p=.68). 
Significant main effect of hemifield; left hemifield trials were bisected leftward of right 
hemifield trials (p<.0001). Significant interaction effect (p<.01). Because the LPD-RPD 
differences were not significant, only PD-NC (normal control) differences are shown.  
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Figure 3. 
Inter-trial Variability (Standard Deviation): LM Left, LM Right 
 
 
** p<.01 
Significant main effect of group for LM left (p<.0002) and LM right (p<.0004). The 
main effect of hemifield (p=.70) and the interaction effect (p=.61) were not significant. 
Because the LPD-RPD differences were not significant, only PD-NC (normal control) 
differences are shown. 
 
